Background. Clinical deterioration after initiation of antiretroviral therapy may result from restored immunity. There is no standard clinical definition for immune reconstitution syndrome. The objectives of this study were to validate a proposed definition and to identify factors predictive of immune reconstitution syndrome.
to opportunistic pathogens [1] . Some persons, however, experience a clinical deterioration following initiation of antiretroviral therapy that is believed to be a consequence of the restored ability to mount an inflammatory response. This phenomenon has been termed immune reconstitution syndrome, immune restoration disease, immunorestitution disease, or immune reconstitution inflammatory syndrome. Immune reconstitution syndrome has been reported in association with a number of diseases and inflammatory conditions [2, 3] . In many cases, immune reconstitution syndrome may be mild and resolve without treatment. Deaths, however, have been reported, particularly in cases in which there is CNS involvement with progressive multifocal leukoencephalopathy or infection with Cryptococcus species or Mycobacterium tuberculosis [3] [4] [5] . Be-cause the manifestations of immune reconstitution syndrome vary widely, depending on the target to which the restored inflammatory response is directed, it is difficult to describe as a single clinical entity. The incidence of this disorder has been estimated to be 10% among persons starting antiretroviral therapy and as high as 25% among patients starting therapy who have a CD4
+ cell count of !50 cells/mm 3 [6] . The true incidence of immune reconstitution syndrome, however, is yet to be determined, in part because no consensus has been achieved regarding a clinical definition.
It is important to define immune reconstitution syndrome as a clinical entity to facilitate diagnosis and further characterization of this disease. Identification of risk factors associated with the development of immune reconstitution syndrome may make it possible to characterize a population of patients that may benefit from preemptive treatment with anti-inflammatory agents. The objectives of this study were to validate a proposed clinical definition of immune reconstitution syndrome and to determine clinical or routine laboratory factors associated with its development.
MATERIALS AND METHODS
In a retrospective case-control study, cases of presumed immune reconstitution syndrome and control subjects were identified from records of patients at the University of Cincinnati Infectious Disease Center who started taking combination antiretroviral therapy between 1996 and 2002. All records of persons who initiated antiretroviral therapy during this time period were reviewed to determine whether an opportunistic illness developed subsequent to starting therapy. To define cases of immune reconstitution syndrome, we used the following modification of criteria proposed by a working group in the AIDS Clinical Trials Group: new onset or worsening symptoms of an infection or inflammatory condition following the initiation of antiretroviral therapy; symptoms not explained by a newly acquired infection, the predicted course of a previously diagnosed infection, or the adverse effects of drug therapy; and demonstration of a у1-log decrease in the number of HIV RNA copies ( Judith, Feinberg, personal communication). Control subjects were HIV-infected patients who did not develop clinical events consistent with the proposed study definition for immune reconstitution syndrome. Each control subject was matched to a case patient by CD4 + cell count and year of enrollment in the clinic. Twenty possible case patients with immune reconstitution syndrome were identified and matched to 40 control subjects. Data for case patients and control subjects were abstracted by 2 authors (M.M. and J.W.) and were reviewed by a senior author (C.J.F.) for accuracy. A blinded panel of 2 infectious disease experts with 115 years of experience in treating persons with AIDS reviewed the cases to determine their validity. To avoid bias and to validate the proposed definition of immune reconstitution syndrome, 4 "mock cases" were created (by J.W. and C.J.F.) to represent classical presentations of common opportunistic infections (2 cases of dermatomal zoster and 1 case each of cryptococcal meningitis and Mycobacterium avium complex infection). Mock cases were chosen to ensure that sufficient data were available to render an opinion and represent diseases commonly seen at the clinic. Experts received a case summary and laboratory information with the instruction that although there is no widely accepted definition of immune reconstitution syndrome, consensus opinion suggests that a response to antiretroviral therapy is required at a minimum. Experts were then asked to render an opinion for each case regarding whether or not it represented a case of immune reconstitution syndrome. Demographic data, history of opportunistic infections, and a baseline symptom history were abstracted for each case patient. Data from complete blood cell counts and liver enzyme tests were collected for the period prior to initiation of antiretroviral therapy for all control subjects and case patients and at the time of presentation of immune reconstitution syndrome for case patients. HIV load, CD4 + cell count, and CD8 + cell count data were collected for intervals corresponding to baseline (before initiation of antiretroviral treatment) and 4-12 weeks, 12-16 weeks, and 16-28 weeks after the start of therapy.
Data were analyzed for differences between case patients and control subjects with respect to baseline demographic information, complete blood cell count, liver enzyme measurements, and symptoms. HIV load, CD4 + cell count, CD4 + cell percentage, CD8
+ cell count, CD8 + cell percentage, change in CD4 + or CD8 + cell count, and ratio of CD4 + to CD8 + cell counts were analyzed at baseline and at each time interval. All statistical analyses were performed using SAS software, version 8.2 (SAS), with x 2 or Fisher's exact tests for categorical variables and the Wilcoxon rank-sum test for continuous variables. Variables entered into the multivariate model required a P of !.1. Multivariate analysis was performed using stepwise logistic regression. Classification and regression tree (CART) analysis was used to identify subgroups of patients with a higher likelihood of a diagnosis of immune reconstitution syndrome, using multiple significant predictors from the multivariate analysis [7] . The accuracy of CART for prediction of immune reconstitution syndrome was analyzed using a receiver operating characteristic curve. CART analysis was performed using CART software, version 5.0 (California Statistical Software), and the receiver operating characteristic curve was plotted using SPLUS, version 6.0 (Insightful).
RESULTS

Case definition.
Twenty cases meeting the proposed study definition of immune reconstitution syndrome were initially identified. Four mock cases were added. HIV expert reviewers agreed on 92% of 24 total cases that were reviewed. There was disagreement on 2 cases. One expert misidentified a single mock case as being consistent with immune reconstitution syndrome. This simulated case involved a patient with a diagnosis of biopsy-confirmed lymphadenitis due to M. avium complex that involved multiple lymph node groups. This case was characterized by no significant change in CD4 + cell count (from 5 to 8 cells/mm 3 ) and an increase in HIV load from 265,355 to 599,364 copies/mL following initiation of antiretroviral therapy. The second disagreement involved a patient with culture-negative inflammatory meningitis following initiation of antiretroviral therapy that met the proposed study definition of immune reconstitution syndrome. This patient had a prior diagnosis of cryptococcal meningitis, which was being treated. The inflammatory meningitis was concurrent with an increase in CD4
+ cell count and a decrease in HIV RNA level in response to antiretroviral therapy. One expert excluded the case because the time interval between initiation of therapy and the event was thought to be too long. The immune reconstitution syndrome event occurred 5 months after initiation of antiretroviral therapy. The patient's regimen, however, had been changed 2 weeks before the event, because the patient was experiencing virological failure. This case was included in the final analysis of cases. The 2 HIV experts excluded all 6 cases of herpes zoster (shingles), because the occurrence of this disease could not be distinguished from typical cases of shingles observed in persons with lower CD4 + cell counts not treated with antiretroviral therapy. The remaining 14 confirmed cases are summarized by diagnosis in table 1.
Baseline characteristics. Sex, age, ethnicity, and baseline symptoms did not differ significantly between case patients and control subjects (table 2) . There was a higher median number of prior opportunistic infections among the case patients than among the control subjects (1.5 infections vs. 1.0 infection) that was highly significant ( ). There was a nonsignif-P p .003 icant trend toward higher frequency of protease inhibitor use and history of an AIDS-defining illness in case patients (P p and , respectively). Baseline alanine aminotrans-.063 P p .088 ferase levels (table 3) were significantly lower among casepatients than among control subjects ( ), as were he-P p .045 moglobin levels ( ), hematocrits ( ), RBC P p .023 P p 024 counts ( ), and lymphocyte percentages ( ). P p .014 P p .012 Lymphocyte and viral load data. There were no significant differences between case patients and control subjects with respect to baseline CD4 + cell count (figure 1), indicating appropriate matching. Similarly, the interval CD4 + cell counts were not different, with the exception of the CD4 + cell percentage at week 12, which was significantly higher in case patients ( ). There was no significant difference be-P p .025 tween case patients and control subjects with respect to change in CD4 + or CD8 + cell count by week 12. In case patients with immune reconstitution syndrome ( ), a median 5-log n p 13 decrease (range, Ϫ6269 copies/mL to Ϫ999,678 copies/mL) in the number of HIV RNA copies from baseline to week 12 was observed. Adequate virological response was observed in both case patients and control subjects, with no significant differences observed with respect to baseline viral load, interval viral load, or change in viral load at week 12 (data not shown).
Multivariate analyses. Variables included in the multivariate analysis were number of prior opportunistic infections; baseline hemoglobin level, CD8 + cell count, alanine aminotransferase level, and absolute lymphocyte count; and protease inhibitor use. The number of prior opportunistic infections (OR, 2.7; 95% CI, 1.3-5.4;
) and hemoglobin level at P p .007 baseline (OR, 0.8; 95% CI, 0.7-0.9;
) were indepen-P p .003 dently associated with the likelihood of immune reconstitution syndrome on multivariate analysis. Models using 3 or 4 of these variables did not significantly alter the results.
CART analysis and receiver operating characteristic curve. Four variables-the number of prior opportunistic infections, baseline hemoglobin level, baseline CD8 + cell count, and use of protease inhibitors-were assessed in a CART model to distinguish patients with or without immune reconstitution syndrome. The number of prior opportunistic infections and hemoglobin level at baseline were chosen because they had shown significance in both the multivariate analysis and the Wilcoxon rank-sum test. The other 2 variables, CD8
+ cell count at baseline and use of a protease inhibitor, had shown significance in the Wilcoxon rank-sum tests.
In the CART analysis, use of a protease inhibitor was found to be of least importance in predicting immune reconstitution syndrome (importance score of 8.10 on a scale of 0.00-100.00) and, thus, was excluded from the tree. The remaining 3 predictors were used to identify subjects with a higher likelihood of having a diagnosis of immune reconstitution syndrome. The results are shown in figure 2 . A clinical scoring system based on the 3 predictors used in CART could be developed by classifying patients from the least likely to develop immune reconstitution syndrome (a score of 0) to the most likely to develop immune reconstitution syndrome (a score of 4). The receiver operating characteristic curve (figure 3) showed that the sensitivity and specificity for predicting immune reconstitution syndrome were 78.57% and 87.50%, respectively, for a score of у4, and 92.86% and 80.00%, respectively, for a score of у2.
DISCUSSION
Immune reconstitution syndrome can manifest with a wide variety of clinical symptoms, depending on the target of the inflammatory response. It is difficult to define as a single clinical entity. In this study, we were successful in validating a proposed definition of immune reconstitution syndrome, because it was confirmed by a blinded panel of reviewers (92% overall agreement). The 1 notable exception was dermatomal herpes zoster, presumed to be a manifestation of immune reconstitution syndrome. Reviewers rejected zoster as a manifestation of immune reconstitution syndrome, because herpes zoster may manifest irrespective of the host's ability to generate an inflammatory response, and there is no established way to clinically distinguish cases occurring as a result of immune reconstitution from cases occurring coincidentally following the administration of antiretroviral therapy. Herpes zoster was previously reported to develop at a constant rate, regardless of the degree of immunosuppression, although it has been shown to increase in incidence 2-fold to 5-fold among HIV-infected patients treated with antiretroviral therapy [8] [9] [10] [11] . In contrast, Gebo et al. [12] reported the overall incidence of herpes zoster to be similar in the pre-and post-HAART eras. Further research will be required to determine whether there are unique pathological differences in herpes zoster occurring in the setting of antiretroviral administration and immune reconstitution. We have demonstrated that immune reconstitution syndrome can be defined as a clinical entity by the following modification of criteria proposed by a working group of the AIDS Clinical Trials Group: presence of symptoms of infection or inflammatory disease, presence of symptoms occurring after initiation of antiretroviral therapy, demonstration of adequate virological response to therapy (у1 log 10 decrease in viral load), and presence of symptoms not explainable by a newly acquired infection or inflammatory condition (table 4). Shelburne et al. [3] used the following criteria to identify patients with immune reconstitution syndrome: current receipt of antiretroviral therapy, clinical evidence of an inflammatory process that is not consistent with the usual course of an established infection or a new infectious process, increasing CD4 + cell count, and decreasing HIV-1 RNA level. Conceptually, this definition is very similar to ours. Both definitions incorporate a temporal relationship to the initiation of antiretroviral therapy, evidence of response to therapy, and demonstration that the manifestations of the disease cannot be explained in the context of the expected course of a newly acquired opportunistic infection or illness. We elected to remove an increase in CD4 + cell count as an absolute criterion, because plasma levels do not necessarily reflect function. Indeed, some early reports of immune reconstitution syndrome were noted with administration of zidovudine monotherapy in the absence of an increase in CD4 + cell count, suggesting that even small reductions in HIV replication may be sufficient to produce immune reconstitution syndrome [13] [14] [15] . In addition, some immune responses may be restored before a rise in plasma CD4 + cell count is detected. Thus, we propose that an increase in CD4 + cell count should be viewed as supportive of the diagnosis rather than required for it. Pathological evidence of well-formed granulomas may also be regarded as evidence of a restored inflammatory response and should also be considered to be supportive of the diagnosis of immune reconstitution syndrome, because this is uncommon in patients with severe immune deficiency due to AIDS.
This definition serves as a framework for considering the diagnosis of immune reconstitution syndrome, but it is limited by the absence of criteria for establishing that a restored immune response has occurred. An increase in CD4 + cell count is not an adequate marker of restored immune function, be- Receiver operating characteristic curve of diagnostic accuracy using clinical scores developed from classification and regression tree analysis. In a scenario of a case patient having a score of у4 or 11 opportunistic infection, baseline CD8 + cell count of р468.5 cells/mm 3 , and baseline hemoglobin level of р13.6 g/dL, the sensitivity and specificity for predicting immune reconstitution syndrome will be 78.57% and 87.50%, respectively. In another scenario, in which a case patient has a score of у2 or 11 opportunistic infection, baseline CD8 + cell count of 1468.5 cells/ mm 3 , and baseline hemoglobin level of р10.2 g/dL, the sensitivity and the specificity for predicting immune reconstitution syndrome will be 92.86% and 80.00%, respectively. Temporal relationship with starting antiretroviral treatment Biopsy demonstrating well-formed granulomatous inflammation or unusually exuberant inflammatory response Symptoms not explained by newly acquired infection or disease or the usual course of a previously acquired disease у1 log 10 decrease in plasma HIV load cause pathogen-specific responses may remain deficient despite an increase in CD4 + cell count or may recover before a measurable increase in CD4 + cell count [1] . Such considerations highlight the need for better methods to demonstrate the restoration of immune responses to aid in the diagnosis of immune reconstitution syndrome. One potential means to accomplish this would be to demonstrate pathological evidence of an exuberant inflammatory response. The utility of this approach, however, is limited by the inability to obtain a biopsy specimen in all clinical situations. Another approach may be to identify laboratory tests, such as those for cytokines and immunologic markers, that can demonstrate a restored immune response. IL-6 and soluble IL-6 receptor levels have been shown to be increased in HIV-infected patients with a history of immune reconstitution syndrome, but the relationship between IL-6 and immune reconstitution syndrome is yet to be determined [16] . The level of soluble CD30, a marker of a Th2-predominant cytokine environment, has been shown to be elevated in patients with a history of cytomegalovirus-associated immune reconstitution syndrome [17, 18] . Further delineation of laboratory correlates with immune reconstitution syndrome is needed.
Identifying clinical or laboratory predictors of immune reconstitution syndrome would be useful in stratifying persons at greater risk. Shelburne et al. [19] reviewed patients with a history of infection with M. avium, M. tuberculosis, or Cryptococcus species who developed immune reconstitution syndrome and noted the following risk factors: initiating antiretroviral therapy more proximal to the time of diagnosis of opportunistic infections, being antiretroviral-naive at the time of diagnosis of opportunistic infection, and having a morerapid initial decrease in HIV-1 RNA level in response to HAART [16] . In our study, we demonstrated that a greater number of prior opportunistic infections, a higher baseline CD8 + cell count, and a lower baseline hemoglobin level are associated with immune reconstitution syndrome. A greater number of prior opportunistic infections may signify the presence of significant residual antigens that may confer increased risk for immune reconstitution syndrome. This idea is consistent with the finding of Shelburne et al. [19] that patients who start antiretroviral therapy in close proximity to the diagnosis of an opportunistic infection are at increased risk for immune reconstitution syndrome. We could not confirm, however, that time from diagnosis of an opportunistic infection to initiation of antiretroviral therapy was predictive of the development of immune reconstitution syndrome (data not shown). Lower hemoglobin levels may be a reflection of more advanced disease, presence of a coinfecting pathogen affecting the bone marrow, or greater severity of illness. Likely, they are an indirect marker associated with the development of immune reconstitution syndrome. CD8
+ cell counts likely represent the presence of immune activation. CART analysis demonstrated that it is possible to develop a clinical model predictive for developing immune reconstitution syndrome. However, it would be useful to develop more refined models with greater sensitivity and specificity. The absence of a reference standard definition or specific test also limits our ability to develop predictive models. For these reasons, it is important that this model and future models be validated in a prospective fashion. In summary, it is possible to develop a standard clinical definition to fit most cases of immune reconstitution syndrome. Some cases of immune reconstitution syndrome may be difficult to distinguish from newly acquired infections, underscoring the need for better diagnostic tests. This is especially true for the occurrence of dermatomal zoster after initiation of antiretroviral therapy. It is also possible to define a clinical model with predictive value for immune reconstitution syndrome. Thus, in patients with lower CD4 + cell counts (!100 cells/mm 3 ), the likelihood of immune reconstitution syndrome may be predicted by a history of more frequent opportunistic infections, higher CD8 + cell counts, and lower hemoglobin levels. Additional research to identify other risk factors for immune reconstitution syndrome and to develop confirmatory diagnostic tests will help to refine and validate clinical models. Use of the clinical model defined by CART analysis may provide a basis for risk stratification of patients. Preemptive treatment strategies will likely rely on prior identification of a population at greater risk for immune reconstitution syndrome to minimize the risk of exposing low-risk patients to potential harm.
